Abstract: New growth theories hypothesize economic growth processes as heavily dependent on investment in Information and Communication Technology (ICT). However, the full empirical verification of this hypothesis still is an open task, particularly when growth is considered within selected countries such as the OIC 1 countries. Furthermore, the conclusions derived from research concerning the causal relationship between ICT and economic growth is often sensitive to the research methodology employed. This paper employs dynamics and static panel data approach within a framework of growth model and apply them to the economy of OIC countries over the time period of 1990-2014. The estimates reveal a significant impact of investments in ICT on economic growth in the countries considered. The policy implication of this paper is that the OIC countries should design specific policies for promoting investment in ICT.
Introduction
In recent periods, the causal relationship between Information and Communication Technology (ICT), and economic growth has attracted increasing attention among many economists throughout the world. The incentive has been provided by the theoretical force of endogenous growth models that emphasize the economic growth enhancing effect of investments in ICT and also by some empirical studies showing a positive relationship between ICT investments and MAJID AGHAEI AND MAHDIEH REZAGHOLIZADEH 258 economic growth. Theoretically, the flow of ICT on the supply side of the economy coupled with complementary infrastructural factors can lead to the so-called "capital deepening", rectifying economic processes and increasing factor productivities and growth. As a derivative it is claimed that countries that have resources to make the required investments in physical and human capital have a higher chance of benefiting from the growth enhancing effect of ICT investments.
Subsequent research turned focus on the causal relationship between ICT and economic growth in "developing countries", asking whether investments in ICT make any difference to growth in these countries. (Sotiris K Papaioannou, 2004; Hosseini Nasab and Aghaei, 2009 ).
However, these works remain inconclusive and the question of the empirical validity of the growth-enhancing effect of ICT investments in the context of the developing countries is still open to investigation.
The OIC countries 2 have a relatively better physical infrastructure and human resource base that promises positive outcomes for speeding up investments in ICT. Since the conclusions reached from trying to establish a causal relationship between ICT and growth are sensitive to the estimating method employed, this paper employ static and dynamic panel data approche and apply it to the special economy of OIC countries over the time span of 1990-2014.
The focus of this paper is to shed more light on the growth enhancing effect of ICT in the OIC countries by employing the more up to-date dynamic and static panel estimation method.
The paper is organized as follows: Section 2 presents the theoretical and 3 the empirical background of the subject. Section 4 formulates the model and applies it to the OIC countries.
Finally, in next section, the paper's hypothesis on the effect of ICT investments on economic growth of OIC countries is explored and section 7 summarizes and brings the paper to its conclusions.
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knowledge-based goods and services. So in general, ICT influences both the demand and the supply sides of the economy. On the demand side, it affects costumers' economic behavior and on the supply side it influences producers' behavior (Quah, 2003) . Figure 1 shows the general performance of ICT in a modern economy.
Figure 1. Digital Goods Performance in a Modern Economy
Source: Author's own elaboration based on: Quah, 2003 With A (ICT) representing digital goods, the left side of the figure 1 depicts the production or the supply side, and the right side shows the consumption or the demand side. Thus A plays a role in both production and consumption. Considering the production function F of the figure, N, K and H are: labor, physical capital and human capital, respectively that yield production F and considering the utility function U, C is consumption goods that yield utility U. In this new economic structure, as in the traditional structure, digital goods(A) foster economic growth on the supply side, but as in the modern economic view, they also contribute directly to enhance the consumer utility on the demand side (Quah, 2003) . Figure 2 shows the process of economic growth as sketched in the traditional sense. Figure 2 shows the performance of skilled labor force in the industrial sectors that finally provide the consumer with goods and services. In figure 3 , scientific scholars, engineers and other similar labor force work as skilled labor force. New-born ideas are injected into the bases of economic technology and the economic growth engine is created. Figure 3 . modern knowledge-oriented economy or weightless economy Source: Quah, 2000 What is valuable in a modern economy is a matter of changes in the economic information, but these changes are not durable enough to get linked to other information processes. The final consumer is related directly to some samples of computer software's utilization of digital means or financial, sanitary, and consultative information in the network through wireless communication infrastructure. In this kind of economy not all new ideas are generated from laboratories and economic research. Therefore, a modern economy is weightless and it is different from the traditional knowledge-oriented economy in which the inductive influence of knowledge in improving productivity in some industrial processes is represented (Quah, 2000) .
In traditional knowledge-oriented economy, franchising and machinery are mediators between knowledge/science production and user/consumers, whereas in knowledge-oriented modern economy the distance between knowledge/science and consumer has been decreased (Quah, 2003 Figure 4 shows how ICT influences economic growth. As it can be seen from the diagram, along with some complementary factors such as organization and management experience, sectoral management and legislation, government's policies and investment in human capital, ICT enters as input into the economic supply in the form of capital and causes the improvement of production process through deepening capital and making advancement in technology and labor force quality. Its output is value added at the three levels: firm, sectoral and the national, and finally, growth in labor force productivity, profit-making and consumer welfare will follow (Dedrick et al, 2003) .
Early studies done in the field of economic growth emphasized the accumulation of physical capital as the main factor for growth, but in recent studies, the concept of capital has been widened from the limited field of equipment and machinery to include knowledge and technology with the latter acting as the main factors of growth. In fact, in recent years, a substantial body of endogenous growth models, have tried to explain how new knowledge and technology can act as the main factor for growth. (Moshiri and Jahangard, 2004) .
To see how ICT influences production, this paper proposes two alternative economic growth models with two alternative production functions that distinguish between forms of capital (see: Quah (2002) and Pahjola (2002)).
First, we begin with the following model in an accounting framework: ICT capital, or C, as input in the production of all goods and services will lead to economic growth. Finally, ICT can cause economic growth through its contributions to technological change. If the growth of ICT's production is based on the benefits of efficiency and productivity in the activities, it will lead to an increase in productivity growth at the macro-economic level (Pahjola, 2002) .
The economic literature reveals different approaches to estimating the effect of ICT investments: the production function approach, the growth accounting approach and the applied growth theory approach. We start with the production function approach and propose the following generalized form of the Cobb Douglas production.
In this model the subscript of time has been eliminated to simplify the presentation, but we should note that all variables are dated. Conversion to logarithm yields the following in linear form:
This relationship can be estimated using time-series within a country or cross section data across countries. Differentiating with respect to time, we have:
Where the dot over a variable indicates rate of change. Assuming constant returns to scale, and each factor receiving its marginal product, the parameters αc, αk, αh, and αn measure the share in total income of ICT input, physical capital, human capital and labor respectively. Here, the usual method of growth accounting for determining the degree of contribution of production factors to economic growth can be applied directly. All factors except technological change (A in the above equation) are observable. In practice, the use of either one of these formulations is constrained by lack of data on ICT and its share in national income. Analysts would need to depend on simplifying assumptions and alternative information resources in estimating the influence of ICT investment, prices and capital stock.
In the third approach, we can consider a form of production function that is somewhat different from (2):
The difference has to do with technological changes. The assumption here is that these changes are the labor augmenting type with constant return to scale features. Capital is divided into three kinds of human, ICT, and physical capital. In this model, Y is the production level per unit of efficient labor force (Y=Y/AN) and h, k, c, respectively are human, physical and ICT capital per each unit of effective labor. In this formulation, the growth equations become:
Where S refers to the saving rate and δ to depreciation rate. It is assumed that technology and labor force grow at exogenous rates of n and α, respectively. Solving the above equation for the steady-state amount of capital stock and substituting the result in the production function gives:
where,
By assumption, all capital depreciates at a rate δ and β < 1.
The steady state per capita production or labor force productivity has a positive relationship with saving rates of all types of capital, but a negative relationship with population growth rate and capital depreciation. Equation (9) can be estimated using investment (saving) rates, which overcomes the constraint on data availability on capital stock.
There are at least three issues regarding the characteristics of the above model. First, using the specific Cobb Douglas technology implies that ICT income is a fixed share of national income and this may not hold well. Second, using a single depreciation rate for all types of capital is problematic, since the life expectancy of ICT capital is less than that of other capitals.
Third, equation (9) is based on the assumption that all countries are in a steady state whereas steady-state convergence may not take place smoothly. The first two simplifying assumptions can not be simply dismissed. The third is a matter of convergence as in the following formulation
Where the convergence speed is measured through θ and λ parameters 3 . This equation states that production can grow faster in countries that invest more on ICT capital.
Empirical studies on ICT, economic growth and productivity
Early macro level studies, going back to late 1980s and early 1990s, concluded that ICT's share in productivity and economic growth is very small (Roach, 1987 (Roach, , 1989 (Roach, , 1991 Oliner and Sichel, 1994; Jorgenson and Stiroh, 1995) . The explanation provided was that investment in ICT comprised a very small proportion of the total capital stock (Sichel, 1997) . For example, nominal investment in information technology in the US in 1980 and 1990 comprised only 3.5 and 9 percent of the total investment respectively. With the increase in the price of computers during the1990s, the rate of investment in IT also increased compare to the preceding periods; it rose from the average annual rate of 18 percent during the 1959-95 period to about 32 percent during the period of 1995-99 (Jorgenson, 2001 ). An increase in prices of goods and services having an IT content lead to a meaningful and significant increase in the demand for IT and also provided an incentive for substituting IT for labor and non-IT capital such as machinery or other equipment. On another front Investments in ICT had a considerable effect on the productivity of labor force and on economic growth at the macro level. In most of macro-economic studies, the increase in productivity and economic growth has been attributed to the significant and meaningful influence of ICT investment (Jorgenson, 2001 , Oliner and Sichel, 2004 , Jorgenson and Stiroh, 2000 . Some scholars (e.g., Gordon, 2000) attribute productivity growth of [1995] [1996] [1997] [1998] [1999] [2000] to business cycles, whereas Stiroh (2001) and some others show that business cycles have little
Influence on productivity growth during those years. These different results basically use different arguments with regard to the impact of ICT's influence on productivity. Jorgenson and Stiroh (1995, 2000) , Jorgenson (2000) , and also Oliner and Sichel (1994, 2000) are based on growth accounting and separation of IT capital from non-IT capital, focusing mainly on business cycles. They compare the degree of IT's influence over business cycles with IT's influence in the in last decade. The results of these studies are shown in Table ( 1) below. 
Empirical Model of Economic Growth with ICT
Based on the existing theoretical and empirical bases of modeling the effect of ICT investment on economic growth reviewed above, and some experimentation, the following model with all variables in logarithm seems a suitable candidate for application, we first specify a simple double log-linear Cobb-Douglass production function as: 
The Model Estimation
To estimate the parameters corresponding to variables of interest from the data under consideration, we employ a panel data estimation, an empirical exposition of which is provided in equation (12) (12) is estimated by the generalized least squares (GLS) which yields random-effects model. Sandra Ooncet, 2007 Given that some of the traditional growth explaining factors are either pre-determined, or endogenous, or both, and current period growth could depend on its values in the past, a dynamic variant of the fixed and random effects provided in Equation (12) above, known as the ArellanoBond estimation (1991) is specified as follows: z is a vector of exogenous variables, and α, β, and γ are parameters to be estimated. and εit are assumed to be independent over all time periods in country i. The term i  represents country specific effects which are independently and identically distributed over the countries while it  noise stochastic disturbance term and is also assumed to be independently distributed.
We derive the coefficients using the Arellano-Bond (1991) Generalized Method of Moments (GMM) estimator to evaluate the joint effects of ICT investment and the other explanatory variables on the economic growth of OIC COUNTRIES member countries while controlling for the potential bias due to the endogeneity of some of the repressors.
Empirical Results and Interpretations
We start the discussion of our findings based on the fixed-effects and random-effects results reported in Tables 2. Broadly, the results of both models reveal the expected relationship between the gross domestic product in constant 2000 prices in US dollar and the explanatory variables. In both models, the variables representing the sources of growth have the expected signs. Because we estimated a logarithmic model, all the coefficients represent elasticities. Comparison of the consistent fixed-effects model with the random-effects model using the Hausman specification test, reject the random effect estimator in favor of the fixed effect estimator at p<0.05. The results from our model of choice indicate that ICT has a positive and statistically significant effect on GDP per capita (at p < .01) of OIC countries. Accordingly, we find that a 10 percent increase in the ICT investment of a typical OIC countries economy would result in a 0.3 percent increase in the average per capita GDP.
Similarly, a 10 percent increase in investment in human capital (SCH) through increases in secondary and tertiary levels school enrollment will increase GDP per capita by 0.1 percent.
Consistent with the findings of Barro (1990) , Dritsakis (2004) , and Durbarry (2004), we also find that investment in physical capital (K) as measured by the gross fixed capital formation as a percent of GDP and Foreign direct investment (FDI) have a positive and statistically significant impact on the real GDP of the OIC countries' economies.
While results based on the fixed and random effects models in which we simultaneously account for the heterogeneity and time to time fluctuations in the economic performance of OIC countries' economies are appealing, we note that several of the explanatory variables we include in the regression either pre-determined or endogenous, thus confounding the results. For example, while FDI and investment in human capital (HC) have often been credited for their role in the economic growth of a country, there is also ample evidence (Hansen and Rand, 2006; de Mello, 1999 ) that the level of GDP and its growth rate have feedback effects on the amount of FDI a country receives, and the rate of investment in human capital formation. Given that we are mainly interested in analyzing the effect of ICT investment on OIC countries economic growth while accounting for the explanatory factors that are either pre-determined (e.g., HC) or endogenous (e.g., FDI), or both, we employ the difference estimator GMM developed by Arellano and Bon (1991) that addresses those problems more effectively and obtain robust estimates. In this method, lagged values of the explanatory variables are used as instruments and over-identification test is applied to ensure there is no bias due to correlation with the error term.
Another estimation problem in such growth equations of the kind that also shows itself in our paper is the existence of unobservable country specific effects and also lagged dependent variables among the explanatory variables. This problem was overcome by the use of Generalized Method of Moment (GMM) estimator too. This requires a decision on which variable to use as instrumental variables.
In this paper the lagged values of dependent and explanatory variables are used as instruments. Furthermore, these type of models require substantially large number of observations in order to produce results that are dependably stable (Bond, 2001) .
Considering that our data extends over a time span 24 years, which is sufficiently large, the problem of stability is not expected to affect our results. Table 3 present the results of the model we estimated for the seven OIC countries, using the dynamic Panel Method and GMM estimator. As the table shows all variables have signs that are consistent with theory predictions, based on the Wald Test which has a distribution with degrees of freedom equivalent to the number of explanatory variables minus the constant term, the null hypothesis of zero for all coefficients is rejected at the 1 percent of significance level. This means that there is 99 percent confidence that the estimated coefficients are true coefficients. The Sargan test statistics which has a χ 2 distribution equivalent to the number of over identified constraints reject the null hypothesis of correlation between residuals and instrumental variables. So the credibility of the results for interpretation is verified and the results can be interpreted with a high degree of confidence. The null hypothesis of Sargan's test for validity of the instruments assumes that the instruments are not correlated with the residuals. Put in another way, it assumes that the over-identifying moment conditions are close enough to zero. Notice that, for inference on model specification the two step Sargan test is used to avoid the problems arising from heteroscedasticity. However, for inference on coefficients as Arellano and Bon (1991) suggest, the one-step estimation result is provided.
Based on the results, the growth of GDP in the OIC countries depends on a one period lag in the growth of GDP in these countries. Investment in ICT, gross domestic investment, human capital and direct foreign investment show a positive effect on economic growth of the OIC countries.
The coefficient of ICT investment is positive and statistically meaningful at the probability level of more than 99 percent. Since all variables are in logarithm, the value of 0.52 for the ICT coefficient means that the elasticity of economic growth within the OIC countries is actually 0.52 implying that a one percent increases in ICT investment would lead to a 0.52 percent economic growth in these countries. The increasing trend of using ICT in these countries as reflected by the statistics presented by the World Bank and other international organizations may be an indication that the growth inducing effect of ICT use has already been realized by the OIC Members. In short, these results verify the meaningful and stable growth inducing effect of ICT investments in the countries with OIC membership. They also verify the hypothesis of this paper that ICT investments have a meaningful growth inducing effect. Therefore, ICT investments in the OIC countries' economies are justified because of their effect on rising living standards in these countries overtime. Kraemer and Dedrick (2001) , Lee, Hong, and Yougesh Khatri, (2003) The sign of proxy variable of human capital is positive but statistically meaningful only at the confidence level of less than 95 percent. It appears that in spite of some improvements in human capital in the OIC countries, human capital has not yet reached a level to have a positive and strong effect on economic growth and. Dewan and Kraemer, (1998, 200) and Pahjola (2001) suggest that lack of complementary assets and substructures, such as knowledge-based structure Finally, our main finding on the effect of ICT on economic growth are close to those of Nour's (2002) .
Summery and Conclusions
Regarding the effect of ICT on economic growth, it was shown that ICT affects the economy both on the supply and on the demand sides. The supply side effect of ICT may be explained through the production function and the demand side through utility function. This paper This in turn led to capital drain in these countries. The OIC countries were left with the alternative of using their internal resources for investment to keep production and job creation.
The positive and meaningful coefficient of gross domestic investment in the estimated model points to the direction of this argument. Also the effect of human capital coefficient in the economic growth model was positive but not meaningful statistically, which can be justified by the lack of (or not creating) complementary assets such as knowledge-based structure to support using ICT goods in OIC countries.
Since ICT can play a vital role as a mean for economic growth, it becomes necessary for the OIC countries to encourage the utilization of ICT in order to boost economic growth. From the results presented in this paper some tentative conclusions can be drawn.
The OIC countries cannot get the full benefits of ICT unless they have the social and cultural Infra-structures and skills required for utilizing ICT's capabilities. It is essential for governments to provide the society with information and on-time services and to educate people on how to use ICT. They should encourage institutions which are active in the field of IT, and underscore the role of R&D capital stock in these countries.
Since direct foreign investment is a technological variable of the model and has a positive effect on economic growth, it is crucial for OIC countries and Iran to be more active in attracting direct foreign investment.
To fill the gap that exists between OIC countries and the leading countries in the field of ICT development, it is essential to allocate and ensure necessary financial resources for investing in network infrastructures and technology with the aim of providing new potentials in OIC countries.
Since international trade plays an important role in ICT dispersion and allows domestic producers and costumers to have access to more diverse goods and services with lower prices, policy makers should encourage free trade through decreasing tariffs and eliminating non-tariffs barriers to ICT imports and thereby facilitate ICT development.
